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OPENING CEREMONIES 
Opening Remarks by Shamshcr Prakash 
It is my great pleasure to welcome ~ou to 
this historic city of St. Louis, Missourl, to 
no less a historic event, the First International 
Conference on Recent Advances in Geotechnical 
Earthquake Engineering and Soil Dynamics. New 
Madrid fault located just a couple hundred 
miles from St. Louis, Missouri,had generated an 
earthquake which is regarded as the biggest 
event in the recorded history in this country. 
We had planned to hold this Conference in 
Roorkee, but St. Louis, Missouri,came to bea more 
handyvenue. Whenwe look back to the First.World 
Conference on Earthquake Engineering held ln 
Berkeley in 1956 where 33 papers were contributed 
and to the First International Conference on 
Soil Mechanics and Foundation Engineering, which 
was attended by some couple of hundred delegates, 
313 participants, from 26 countries and 156 
papers make an impressive record. 
In planning this event we needed finan~ial 
and moral support. The International Assocla-
tion of Earthquake Engineering, the Earth9uake 
Engineering Research Institute and the Selsmo-
logical Society of America lent their moral 
support by co-sponsoring this Conference. The 
National Science Foundation and U.N.E.S.C.O. 
supported the Conference partially. We are 
extremely grateful to them. 
The delegates have travelled long distances 
at some discomfort to them to participate in 
this Conference. There are many places to relax 
around here after the Conference meetings in the 
evening. I strongly recommend you explore some 
of those places on your own. 
I must make a special mention that we have 
amongst us a delegation from People:s Repub~ic 
of China. Such a group of geotechnlcal englneers 
has come to our land after a period of over 
three decades. 
It comes to my mind that during the ~icro~ 
zonation Conference in San Francisco, Callfornla, 
in 1978, a big earthquake came in nearby Mexico. 
And, during the World Conference on Earthquake 
Engineering in Istanbul, Turke~ last year, there 
was a coup. I assure you that no such event 
will happen to us during the week! 
The weatherman has assured us that we should 
look forward to beautiful spring weather during 
the week and I believe you will take home sweet 
memories of this city and the Conference with 
you. 
I would like to take this opportunity to 
thank the authors who contributed to this 
Conference, the members of the Organizing 
Committee who guided me in steering this 
Conference, my colleagues at UMR, who came to my 
help whenever I needed it. I am extremely 
thankful to Joseph M. Marchello, Chancellor, 
UMR, who consented to be with us this morning 
and welcome the participants. 
WELCOMING REMARKS 
Joseph M. Marchello, Chancellor 
University of Missouri-Rolla 
It is my pleasure to welcome to Missouri 
this international gathering of experts on geo-
technical engineering. I bring a special wel-
come from the University of Missouri-Rolla, host 
institution for this conference. 
The program outlined for the week and the 
caliber of those attending these proceedings 
are very impressive. There are approximately 
313 delegates, most of whom come from abroad. 
This number includes authors from 20 countries; 
namely, Japan, France, Canada, Yugoslavia, 
Norway, Belgium, Australia, West Germany, India, 
China, Peru, Israel, Mexico, Venezuela, Turkey, 
Switzerland, Romania, Italy and the United 
States. The People's Republic of China repre-
sentatives are the first geotechnical engineers 
from that part of the world to attend the con-
ference. This truly will be the largest inter-
national program ever conducted by the Univer-
sity of Missouri-Rolla. 
The distinguished authors have contributed 
156 papers to be offered in ll technical ses-
sions. Three of these papers deal with damages 
to geotechnical structures from recent earth-
quakes in southern Italy, the metropolitan 
Tokyo area, and India. 
We in Missouri have a special interest in 
this conference because three great earthquakes 
of approximately equal strength occurred in the 
New Madrid area, a few hundred miles southwest 
of St. Louis. These occurred on December 16, 
1811, and on January 23 and February 6, 1812. 
Many aftershocks, following the major shocks, 
were reported for a full year. About 30,000 to 
50,000 square miles of land, mostly west of and 
usually adjacent to the Mississippi River, 
showed spectacular geologic effects from the 
shocks such as sunken lands, uplifted areas, 
fissures, sand blows, and landslides. Waves on 
the Mississippi River swamped boats and washed 
others onto the shore. The earthquakes were 
felt from Canada on the north to New Orleans on 
the south. They were felt in washington, D.C., 
which is 700 miles away, and possibly in Boston, 
which is 1100 miles away. These three major 
shocks rank with the greatest earthquakes to 
have occurred in the United States in historic 
times. As a result, the activity of the New 
Madrid Fault is being extensively monitored 
through a network of stations supported by the 
United States Geological Survey and other federal 
agencies. This is also scheduled for discussion 
at the conference. 
I hope your visit here is both professional-
ly and socially rewarding. I wish you the best 
in your endeavors and invite you to return to 
Missouri and the University of Missouri-Rolla. 
My congratulations are also extended to 
Professor Shamsher Prakash and others who have 
contributed to the planning of this conference. 
Welcoming Remarks 
Joseph H. Senne 
Chairman, Civil Engineering Department 
University of Missouri-Rolla 
You have already received several welcomes, 
but I would like to welcome you on behalf of the 
Civil Engineering Department, University of 
Missouri-Rolla. As you are aware, this confer-
ence is the result of the efforts of Dr. Shamsher 
Prakash who is a member of our department, and we 
are most appreciative of the task he has under-
taken. I might mention that in 1976 our depart-
ment also sponsored an international symposium 
on Earthquake Structural Engineering, which was 
directed by Dr. F.Y. Cheng. While that confer-
ence dealt primarily with earthquake force on 
structures, it also recognized that no matter how 
well we design the super structure the effort is 
wasted if we do not take into account the forces 
on the substructure. In fact, one session 
covered Foundation and Structure Interaction 
and it is comforting to note that this present 
symposium is devoted entirely to this very 
important aspect of soil properties. We still 
have a lot to learn. As an example, I have 
been interested in following the progress 
of laser ranging to the Lageos retroflector sate-
llite which should enable us to measure large 
scale earth plate movements to within a few 
centimeters. By adding together various bits 
of knowledge we may be able to improve earth-
quake prediction and also how to better protect 
our structures from these most devastating acts 
of nature. 
Again, I welcome you and hope that you have 
a pleasant stay in St. Louis this week. 
"Ground Motion Aspects of Earthquakes of the 
Midwest" 
Otto W. Nuttli, Dept. of Earth & Atmospheric 
Sciences, St. Louis University, St. Louis, MO 
Seismologists have known for a long time 
that midwest United States earthquakes have 
much larger damage areas and areas of percepti-
bility than western United States earthquakes 
of the same magnitude. To illustrate this point. 
Fig. 1 shows the areas of architectural and 
and structural damage (modified Mercalli in-
tensity > VI) for the 1811-1812 New Madrid 
earthquake and the 1906 San Francisco earthquake. 
The area to the west of the New Madrid epicenter 
is inferred, as there were no settlers there in 
1811 to give accounts of the earthquake. Gutenberg 
and Richter (1949) attempted to explain the 
large damage areas in the Midwest by assuming 
that the earthquakes had focal depths as great 
as 100 km, compared to approximately 10 km in 
the western United States. However, we now 
know that midwestern earthquakes have depths be-
tween 1 and 25 km, similar to those in the West. 
The proper explanation of the difference in per-
ceptibility and damage areas was given indepen-
dently by Mitchell (1973) and Nuttli (1973), 
who showed that it resulted from differences in 
anelastic attenuation of short-period earth-
quake waves. Attenuation is much lower in the 
Midwest than in the West. 
Studies of the attenuation and of the 
spectral content of damaging earthquake wave 
motion in the Midwest are hampered by the rel-
atively infrequent occurrence of large earth-
quakes. At the present time we have only a small 
number of accelerograms recorded out to dis-
tances of 150 km, for earthquakes of magnitude 
5.3 and less. Thus we have to rely upon strong-
motion data from other areas, such as the western 
United States, and modify them to make them 
applicable to the Midwest. There are two prin-
cipal types of modification required: 1. to 
take account of differences in anelastic atten-
uation (transmission of wave energy problem) 
and 2. to take account of differences in the 
spectrum near the epicenter (source characteristics 
problem). Singh and Herrmann (1981) recently 
have determined and contoured the variation of 
attenuation of high-frequency earthquake waves 
across the United States. From their findings 
we can construct typical attenuation curves for 
1-Hz and 10-Hz waves for California and the 
Midwest, as presented in Fig. 2. 
In general, 10-Hz waves principally will 
affect small, rigid structures and 1-l!z waves 
tall or long structures. From Fig. 2 we can 
see that 10-Hz waves attenuate more rapidly than 
1-Hz waves in the same region. We also, can see 
that, for the same frequency, the attenuation 
in the Midwest is much less than it is in Cal-
ifornia. This explains the differences in 
damage areas as shown in Fig. 1. Fig. 2 also 
tells us that the 1-Hz motion in the Midwest 
attenuates very slowly, so that for big earth-
quakes we can expect tall buildings to be 
shaken noticeably at large distances from the 
epicenter. There already is one example of this 
phenomenon. An earthquake that occurred in 
Southern Illinois in 1968, of surface-wave mag-
nitude 5.2, caused students in a high-rise dor-
mitory at the University of Mississippi (400 
km distant) to leave the upper floors in panic. 
Occupants of high-rise buildings in Chicago (500 
km distant) were badly disturbed. An occupant 
of the Cecil Green Tower building on the M.I.T. 
campus at Cambridge (1650 km distant) felt the 
earthquake. The problem of small attenuation of 
1-Hz waves in the Midwest is compounded by the 
fact that surface-wave dispersion causes them 
to have a duration of one minute or longer at 
distances of several hundred kilometers. Thus 
tall structures are subjected to many cycles of 
large amplitude waves whose frequency is near 
the resonant frequency of the structures. 
Although Fig. 2 is instructive, engineers 
prefer to work with response spectra rather 
than attenuation curves. To construct response 
spectra for the Midwest, we have to take account 
of both attenuation and source characteristics. 
Because we again have to rely upon California 
strong-motion data, we have to know how at-
tenuation and source spectra differ for the two 
regions. There is no time to go into details, 
but we have developed a method of extrapolating 
response spectra back to the source region. 
For a given magnitude earthquake, the Midwest 
spectra are relatively enriched in the high-
frequency portion, presumably because the 
Midwest earthquakes have higher stress drops 
th0n those in California. 
·~, ~ M M INTENSITY 2:. VI 
~STRUCTURAL AND ARCHITECTURAL DAMAGE 
Figure 1. Comaprison of Damage Areas of 1906 
San Francisco Earthquake and 1811 





Comparison of Attenuation of Ground 
Acceleration in California and the 
Central United States. 
Figure 3 shows response spectra for a 
Midwest earthquake of surface-wave magnitude 8.5 
at a distance of 200 km. From the spectra we 
can estimate values of 0.18 g for the peak 
acceleration, 28 em/sec for the peak velocity 
and 18 em for the peak displacement. Consider-
ing the large epicentral distance, these are 
big values. They emphasize the importance of 
earthquake-resistant design for all critical or 
tall structures located anywhere within several 
hundred kilometers from the New Madrid fault. 
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Role of Soils in Earthquake Damages by 
John A. Blume, President, Earthquake Engineer-
ing Research Institute. 
It has been known for thousands of years 
that a building constructed on poor foundation 
soil may be subject to serious problems, in-
cluding settlement, cracking or perhaps sliding, 
even without an earthquake. These problems are 
multiplied, often many times over, if an earth-
quake should shake the soil and the building. 
What has been generally recognized for only a 
few decades is that good structures founded on 
what has often been considered adequate soil, 
may also be subject to damage from earthquake 
shaking that causes local ground failure. 
Putting this another way, even a good structure, 
situated on what may appear to be good soil 
prior to the earthquake, may find itself with-
out adequate support during or after the earth-
quake. A poor structure would fare worse. I 
use "soil" in its broadest sense, including 
whatever natural materials, including rock or 
mud, may support the structure vertically or 
move horizontally as in a slide. 
Each major earthquake, almost without 
exception, has provided examples of soil 
failures or soil movements or disruptions that 
have increased the amount of damages to struc-
tures of various types. These soil failures 
may take various forms, including the following: 
Settlement, uniform or differential 
Liquefaction, or temporary fluidity 
Heaving or thrust (from compression) 
Cracks or openings (from tension); not 
fault related 
Slip or dislocation; fault related 
Slides of soil, rock, mud; often with 
water, snow or ice 
Disalignment (such as railroad tracks, 
highways) 
The failure of previously created natural 
dams 
In addition, it must be kept in mind that 
combinations of events can increase the hazard 
of soil failures. For example, saturated soil 
is much more suhject to liquefaction or slides 
than drier ma tcri al. Thus, the :1mounts of 
rainfall and runoff prior to the earthquake are 
important. The height of the water is also 
significant. Unconsolidated sand or silt may 
settle to some degree under earthquake shaking 
if it is dry. However, if it is loose and 
saturated and the shaking is of sufficient in-
tensity and duration, the pore pressure becomes 
such as to lubricate the grains of soil and 
cause the mass to liquefy. Structures supported 
on liquefied soil tend to settle, sink, or tilt. 
Lifeline structures in the ground, such as 
empty manholes or pipe, tend to float and pop 
out of the ground. Both events occurred, for 
example, in Niigata, Japan, in 1964, where 
strong buildings simply settled, tilted, or 
turned over. In Tianjin, PRC, in 1976, a long 
narrow building was actually pulled apart due 
to liquefaction, and some flow, under half the 
building. 
The damage from shaking is usually more 
extensive than that from soil failure, but there 
are many exceptions to this. In most strong 
earthquakes there is damage from shaking and 
from various types of soil failure, and also 
from soil-structure interaction. 
The important point is that damage from 
soil failure, as well as from shaking, can be 
prevented or greatly reduced. Obviously, one 
should not place a structure over a potentially 
moving fault---rift zones can better be used 
for parts, golf courses, etc. There should be 
adequate geologic and seismic studies, and 
soil tests and studies which lead to an eval-
uation of the soil hazards, if any, and either 
corrective measures be taken or the site re-
located. 
Possible corrective measures are many, and 
vary with each local problem. Avoid areas which 
might slide or settle, or else prevent the 
sliding or settlement. Avoid areas which might 
liquefy, or else prevent this by such means as 
densification, drainage, the use of piles or 
caissons, or combinations. Look for or develop 
environmental maps and reports. Soil failures 
can be prevented, but this involves tests, study 
and good engineering. There must be good selection 
of sites, or else proper treatment of adverse 
site conditions. It can be done. It should 
be done. 
(Several slides of damage caused by soil 
failures were shown, including examples from 
San Francisco 1906; Niigata, Japan, 1964; 
Anchorage, 1964; Lice, Turkey, 1975; Tangshan 
and Tianjin, PRC, 1976; and Guatemala, 1976.) 
The Role of Geotechnical Engineering in 
Earthquake Problems by D.E. Hudson, President 
International Association for Earthquake 
Engineering. 
It is a pleasure to bring you greetings 
from the Executive Committee of the International 
Association for Earthquake Engineering and to 
wish you well in your deliberations. Conferences 
of this kind are a very important supplement to 
the work of our Association, and we are happy to 
co-sponsor this event. When the I.A.E.E. was 
founded some twenty years ago, its main function 
was to organize the World Conference on Earth-
quake Engineering at four-year intervals. At 
that time, the pace of research in the field 
was somewhat more leisurely than now, and 
four years seemed like an appropriate timing 
to keep everyone reasonably up to date. Since 
then, the level of activity in our field has 
risen rapidly all over the world, and without 
conferences such as the present one our four-
year interval would be sadly inadequate. I 
may say that the planning for the Eighth World 
Conference on Earthquake Engineering is well 
under way, and we will look forward to seeing 
all of you in San Francisco during July 21-28, 
1984. 
This increasing activity in earthquake 
engineering has stimulated the I.A.E.E. to ex-
pand its role in several ways. Under my pre-
decessor as President, Dr. Jai Krishna, who is 
with us for this present conference, the 
I.A.E.E. prepared the first of a proposed series 
of specialty monographs, which has just been 
issued under the title "Basic Concepts of 
Seismic Codes for Non-Engineered Construction". 
Another important activity is the formation 
under I.A.E.E. auspices of the International 
Strong Motion Array Council, to assist in the 
coordination of the planning and operation of 
the increasing number of strong motion instru-
ment arrays which are being installed in the 
highly seismic regions of the world. 
In looking over the program for the present 
conference, my first thought was that it looked 
very much like a general World Conference on 
Earthquake Engineering, and I began to wonder 
if "Geotechnical Earthquake Engineering" is in 
fact any different from "Earthquake Engineering". 
Even for the detailed problems of steel and 
concrete structural design, the importance of 
soil-structure interactions may be a critical 
matter. Geotechnical engineering is indeed the 
foundation on which the whole subject is built. 
I should like to call to your attention one 
aspect of geotechnical engineering which has bern 
much in my mind lately as I have been thinking 
about some of the basic problems of the inter-
pretation of strong earthquake ground motion 
measurements. This is the matter of the deter-
mination of the physical characteristics of the 
site at which instruments are located. We hope 
to combine the knowledge derived from the 
measurement of one earthquake at one site with 
other measurements and with theory to enable us 
ultimately to estimate the expected future 
ground motions at sites at which no strong 
earthquakes have been measured. We also hope 
that the number of parameters which we will need 
in order to make such estimations will not be-
come unmanageably large. The size of the world 
data bank of strong motion accelerograms is now 
big enough so that meaningful statistical re-
gression analyses can be made for several 
seismic regions of the world. It we use just 
two basic parameters, earthquake magnitude and 
distance from source to point of major energy 
release, an estimate of a ground motion de-
scription such as a response spectrum turns out 
to be well defined, reasonably stable, and sur-
prisingly similar for regions as diverse as 
Japan and the Western United States. 1 The 
immediate practical problem, however, is that 
the dispersion of the data about the averages 
is so large - in some cases an order of mag-
nitude - that engineering decisions cannot be 
made with an acceptable accuracy. These large 
dispersions are of course, not the consequence 
of errors of measurements, but rather of an 
oversimplification of the problem and the omis-
sion of key parameters which must clearly be 
included. 
The first of these missing factors that comes 
to mind is the local site conditions, as described 
by the local geology and soil characteristics in 
the vicinity of the instrument. Although these 
local conditions are relatively easily available 
for investigation, it has been extraordinarily 
difficult to pin down these characteristics with 
any precision. As late as 1975, when the u.s. 
data bank becomes available for study, it was con-
cluded that in the present state of knowledge most 
accelerograph sites could only be categorized as 
rock, soft alluvium, or intermediate. Even with 
these three very general classifications there was 
little agreement among the experts as to the ap-
propriate description for many of the sites. 
To resolve these difficulties, the u.s. 
Nuclear Regulatory Commisssion sponsored a study 
by Shannon and Wilson, Inco, and Agbabian 
Associates to collect available information on 
site conditions and to supplement it when neces-
sary or possible by additional field investigations 
such as borings, velocity measurements, and 
appropriate laboratory tests. These investigations, 
carried out during 1975-1979, have now been fully 
reported, and represent our most detailed infor-
mation on the site conditions at key accelero-
graph stations. 2 It will be of some interest to 
briefly review the results. The study involves 
the 83 ground stations included in the stage of 
the U.So strong motion data bank which was un-
iformly processed and distributed by the 
California Institute of Technology during 1969-1976. 
The first interesting conclusion, after a de-
tailed search of past literature and extensive 
additional field investigations, was that for 32 
of the 83 sites, basic data were lacking, and the 
sites could not be placed even within a very rough 
classification of three site conditions. There 
is clearly some more work to be done here. Even 
more disturbing, it was found that less than half 
the sites that had been classified as rock sites 
in earlier studies could in fact be considered as 
on rock. Much of the confusion in the earlier 
investigations was of course caused by a lack of 
uniformity in terminology, and for these recent 
studies it was first necessary to arrive at a 
more precise definition of what is meant by "rock 
site". It was decided to define a site as rock 
if material having a shear wave velocity greater 
than 2500 ft/sec were found within 30 ft" ver-
tically of the instrument foundation. Of the 
fifty sites which had formerly been considered to 
be rock sites by one or more authorities, it was 
found that only eighteen of them satisfied the 
above definition. Fifteen of the sites were 
found to be on alluvial deposits ranging in 
depth from 50 to over 300 ft. The remaining non-
rock sites had physical characteristics more like 
firm soil than rock. It is evident that the a-
bove geotechnical investigations are of major 
importance to the interpretation of strong motion 
accelerograph data, and that much more work re-
mains to be done before our basic information 
can be said to be reasonably complete. 
With the above ideas before us, let us now 
remind ourselves that the local site condition is 
just one link at the end of a long chain. For a 
calculation of the earthquake ground motion at a 
particular site, one would need to know not only 
the details of the location and character of the 
energy release at the earthquake source, but 
also the configuration and physical properties 
of every region along the transmission path 
between the earthquake source and the site. 
This is indeed a formidable task for future 
generations of geotechnicians. Fotunately 
every partial success in these studies will 
represent an important advance in our ability 
to narrow down the the dispersion limits in our 
basic ground motion estimations, and will hence 
contribute to the practical applications of 
our subject. 
In conclusion, I should like to congrat-
ulate Dr. Shamsher Prakash and his organizing 
committee for their very successful efforts in 
convening the present conference, and to con-
vey to them the thanks of the International 
Association for Earthquake Engineering for this 
important contribution to our endeavors. 
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